Epstein-Barr virus (EBV) is a ubiquitous human herpesvirus, with serologic evidence of infection present in the majority of the population. EBV has been associated with a variety of hematolymphoid malignancies and also has been observed in a number of epithelial tumors including nasopharyngeal carcinoma (1), lymphoepithelioma-like carcinoma of various sites (2) , and gastric adenocarcinoma (3) (4) (5) (6) . In addition, several neoplasms arising in patients with primary and secondary immunodeficiencies are linked to EBV and include posttransplant lymphoproliferative disorders (7) , as well as AIDS-associated lymphomas (8, 9) and smooth muscle tumors (10, 11) .
Fibroadenoma is the most common benign tumor of the breast, occurring predominantly in premenopausal women. The etiology of fibroadenomas remains unclear; however, similar to breast carcinomas, the development of fibroadenomas is believed to be in part hormonally related, possibly secondary to estrogenic stimulus (12, 13) . Several investigators have suggested an association between breast carcinoma and EBV (14 -18) ; however, the results of other studies have argued against a significant role for EBV in the pathogenesis of breast carcinoma (19 -23) . EBV in fibroadenomas of the breast has not been well studied, but a recent report has documented the presence of EBV in a subset of these tumors. In that study, Kleer et al. (24) demonstrated molecular evidence of the EBV genome in 72% of rapidly growing fibroadenomas in immunosuppressed patients. EBV latent membrane protein (LMP-1) was also observed immunohistochemically in the cytoplasm of epithelial cells in 60% of the tumors studied. In contrast, EBV was not detected in a group of fibroadenomas from nonimmunosuppressed patients, suggesting a causative role for the virus in the pathogenesis of fibroadenomas in the context of immunocompromised hosts.
To further investigate the potential role of EBV in fibroadenomas of the breast in the setting of immunosuppression, we analyzed a series of fibroadenomas occurring in transplant allograft recipients for evidence of EBV. EBV expression was evaluated by determining the presence of EBV DNA (BamHI-W, EBV nuclear antigen-4 [EBNA-4], LMP-1) and defective heterogeneous (het) EBV DNA by polymerase chain reaction (PCR), of EBV-encoded RNA-1 (EBER-1) by in situ hybridization, and of EBV protein (LMP-1) by immunohistochemistry.
MATERIALS AND METHODS

Patient Samples
Eleven cases of fibroadenoma of the breast occurring in transplant allograft recipients were obtained from the files of the Department of Anatomic Pathology at the University of Pittsburgh Medical Center and the Department of Pathology at Stanford University Medical Center. Formalin-fixed, paraffin-embedded tissue from each case were used for PCR, in situ hybridization, and immunohistochemical studies as described below. Pertinent clinical information for each case was obtained.
Polymerase Chain Reaction
Viral genomic DNA was extracted from formalinfixed, paraffin-embedded tissue blocks, using 0.2 mg/mL of proteinase K digestion buffer overnight The expected LMP-1 gene product size was 161 bp, whereas a product containing the characteristic deletion was 131 bp. PCR for defective het EBV DNA was performed using primers that framed the junction of rearranged genomic DNA (5'-GCACATTAGCAATGCCTGTG-3' and 5'-GTCCAGCGCGTTTACGTAAG-3'), as described elsewhere (25) . Primers flanking the ␤-globin gene were used as a positive control for DNA preservation. After initial denaturation for 15 minutes at 95°C, 45 amplification cycles were performed as follows: denaturing at 94°C for 30 seconds, annealing for 30 seconds at 56°C for BamHI-W and het DNA, 57°C for EBNA-4, and 61°C for LMP-1, and extension at 72°C for 40 seconds. A final extension at 72°C for 7 minutes completed the PCR amplification. The PCR setup and post-PCR work were performed in separate laboratories to minimize the possibility of contamination. The amplified products obtained were separated by electrophoresis on gels and visualized with ethidium bromide staining under ultraviolet light. PCR products were subsequently subjected to Southern blot analysis and hybridized with appropriate probes specific for each particular region of the EBV genome of interest, as previously described (25) (26) (27) (28) .
DNA extracted from paraffin embedded tissues was also used in a quantitative fluorogenic PCR assay to measure EBV DNA in the fibroadenomas. Primers EcoF (5'-TGGAGTTTCCCCCGATTCAA-3') and EcoR (5'-TCCATGCTCTCGTCCACATCT-3') were used to amplify EBV. Amplification of GAPDH (GAPDH Control Reagents; Applied Biosystems, Foster City, CA) was also performed as a normalization control. The cycling conditions were 50°C for 2 minutes, 95°C for 10 minutes, and 45 cycles at 95°C for 20 seconds and 60°C for 1.5 minutes. Serial dilutions of DNA extracted from the EBVpositive cell line Namalwa (American Type Culture Collection, CRL-1432), which contains two copies of EBV per cell, was used as a standard. A conversion factor of 6.6 pg of DNA per cell was used for expression of results as copy numbers. Data were collected and analyzed with the ABI Prism 7700 Sequence Detection System (Applied Biosystems). For EBV quantification, EBV copy number per sample was normalized to the amount of GAPDH present, and results were expressed as copies of EBV genomes per 100 cells.
In Situ Hybridization
The EBV RNA in situ hybridization study methods have been described previously (29) . Briefly, in situ hybridization was performed using a 30-base oligonucleotide probe complementary to a portion of the EBER-1 gene, a region of the EBV genome that is actively transcribed in latently infected cells. The sequence used was 5'-AGACACCGTCCTCACCACCC-GGGACTTGTA-3' (Operon Technologies, San Pablo, CA). The probe was labeled with biotin at its 3' end using methods previously described (30) . Sections cut from formalin-fixed, paraffin-embedded tissue were deparaffinized, dehydrated, digested with pronase, incubated with prehybridization solution, and then hybridized overnight at a concentration of 0.25 ng/L of probe. Sections were then incubated in a solution of avidin-alkaline phosphatase conjugate, washed for 3 minutes, incubated in McGadey's substrate, briefly washed in distilled water, air dried, and coverslipped. No counterstain was used. A case was considered positive if the nucleus, or nucleus and cytoplasm, of a tumor cell stained dark brown or black over background levels. A poly d(T) was used as a control for total RNA preservation as described elsewhere (31) . A known EBV-positive tumor and EBV-negative lymphoid tissue were used as controls.
Immunohistochemistry
Immunohistochemical staining was performed on formalin-fixed, paraffin-embedded sections using the mouse monoclonal antibody clone CS1-4 to LMP-1 protein (DAKO, Carpinteria, CA) at 1:600
/L solution of EDTA buffer (pH 8.0) in a steamer (Black and Decker, Shelton, CT) for 20 minutes. Staining was performed using an automated immunostainer (DAKO), followed by antibody detection using the DAKO EnVisionϩ System and 3,3'-diaminobenzidine as a chromogen. The slides were counterstained with hematoxylin and coverslipped. Sections of known EBV-positive classical Hodgkin lymphoma were used as positive controls. Membrane and cytoplasmic staining was considered positive.
RESULTS
The clinical information and results of EBV studies are summarized in Table 1 . All patients were therapeutically immunosuppressed female organ transplant recipients. The age of the patients ranged from 18 to 73 years, with a median age of 45 years. Types of transplant allografts included liver (n ϭ 3), lung (n ϭ 3), heart (n ϭ 2), kidney (n ϭ 2), and kidney/pancreas (n ϭ 1). The size of the fibroadenomas ranged from 0.6 cm to 5.0 cm, with a mean size of 2.3 cm. Histologically, the fibroadenomas exhibited typical morphologic features that were characterized by a proliferation of stromal and epithelial elements in pericanalicular and intracanalicular patterns. Stromal cellularity was not increased, and the epithelial components did not exhibit hyperplastic proliferative changes. None of the fibroadenomas contained an unusual number of infiltrating lymphocytes, although rare scattered small lymphoid cells could be identified within the stroma in all cases.
Strong ␤-globin amplified bands were identified by PCR from all 11 cases, indicating adequate DNA present. Of the 11 samples studied, 4 (36%) were found to be positive when amplified and probed for the BamHI-W sequence (Fig. 1) . EBNA-4 genomic DNA was identified in two cases, and amplified EBV LMP-1 bands were observed in four cases. Two of the four EBV LMP-1-positive cases showed a 30-bp LMP-1 gene deletion. All positive fibroadenomas expressed more than one EBV gene. None of the 11 cases yielded a PCR product that was indicative of defective EBV genomes. In the EBV-positive fibroadenomas, an average of 4.1 genome copies per 100 cells (range, 0.2 to 10.1) were present, as determined by quantitative PCR. No evidence of EBV RNA was identified in the epithelial or stromal components of any of the fibroadenomas that were studied by in situ hybridization using the EBER-1 probe. Rare EBER-1-positive stromal lymphocytes were observed in three of the cases (Fig. 2) . All cases studied exhibited strong positivity for poly d(T), indicating adequate RNA preservation. All of the fibroadenomas were negative for the LMP-1 protein by immunohistochemistry, with no evidence of immunoreactivity identified in either the stromal or epithelial cells.
DISCUSSION
In addition to a subset of non-Hodgkin and Hodgkin lymphomas (32) , EBV has been linked to an increasing number of epithelial tumors (33, 34) . Several studies have examined EBV in the context of breast neoplasia with disparate results. Although EBV DNA has been detected in a number of cases of breast carcinoma by PCR (14 -18) , there has been inconsistent demonstration of EBV RNA by in situ hybridization and EBV gene products by immunohistochemistry in the constituent tumor cells, leading some investigators to suggest that breast carcinomas are not truly associated with EBV (19 -23) .
In contrast to the data available regarding EBV and breast carcinoma, there is relatively little information in the literature pertaining to EBV and fibroadenomas. Grinstein et al. (18) , in a study investigating EBV and epithelial tumors of various primary sites, observed no evidence of EBNA-1 expression in nine fibroadenomas that were examined by immunohistochemistry. In another recent report, Kleer et al. (24) examined the association of EBV with rapidly growing fibroadenomas of the breast occurring in a group of immunocompromised patients. The majority of patients were organ transplant recipients, whereas two patients were on immunosuppressive therapy for systemic lupus erythematosus. In this particular study, EBER-2 DNA was detected in 13 of 18 (72%) fibroadenomas by PCR, whereas cytoplasmic LMP-1 immunoreactivity was observed in the epithelial cells by immunohistochemistry in 12 of 19 cases. Nine cases were positive for EBV by both PCR and immunohistochemical methods. In contrast, no immunohistochemical evidence of LMP-1 expression was identified in a control group of 11 fibroadenomas from non-immunocompromised patients. Based on these findings, those investigators suggested that EBV infection is associated with fibroadenomas in immunosuppressed hosts.
In the current study, 4 of 11 (36%) fibroadenomas occurring in immunosuppressed organ transplant recipients had evidence of EBV by PCR. However, in contrast to the findings of Kleer et al. (24) , no evidence of LMP-1 immunoreactivity was identified in either the epithelial or stromal components of the fibroadenomas studied. The reasons for this discrepancy in observed positivity for EBV by immunohistochemistry are unclear, but may be the result of methodological differences.
Although EBV DNA was detected by PCR in a number of cases of fibroadenoma in the present study, morphological analysis by EBER-1 in situ hybridization failed to confirm the presence of EBV in the constituent cells, demonstrating only rare scattered stromal EBER-1-positive lymphocytes. The low copy numbers of EBV, as determined by quantitative PCR, is also consistent with the observed in situ hybridization results. PCR is highly sensitive and can detect EBV in contaminating infected lymphocytes, which may account for the PCR positive cases in the current study. In immunosuppressed individuals in particular, loss of cytotoxic T-lymphocyte activity allows for accumulation and proliferation of EBV-infected cells, resulting in increased numbers of circulating infected lymphocytes. Although all of the PCRpositive cases in this study did not reveal EBER-1-positive lymphoid cells, infected lymphocytes may not have been present on these particular in situ hybridization preparations because of sampling error.
Although in situ hybridization demonstration of EBERs is the most effective means of establishing a significant association of EBV with a given neoplasm, in rare instances, an EBER-negative form of EBV infection has been observed (25, 35, 36) . In some cases, disrupted EBER expression has been attributed to the presence of a defective EBV genome, termed het DNA, as suggested in a recent study demonstrating het EBV DNA in 8 of 24 cases of EBER-negative Hodgkin lymphoma (25) . Defective EBV was not detected in any of the fibroadenomas in the present study and is an unlikely cause for the absence of EBER expression in these particular cases.
Fibroadenomas originate in the terminal ductlobular units of the breast and are thought to develop from proliferation and expansion of the specialized connective tissue stroma (37) . Etiologic factors influencing the development of fibroadenomas remain unclear. Fibroadenomas of the breast have been previously reported in the immunosuppressed organ transplant population and are, in this setting, frequently multiple and bilateral (38 -42) . Development of fibroadenomas in this context has been attributed to the effects of cyclosporin A therapy, though the exact mechanism by which this occurs has not been elucidated (38 -42) . Laboratory studies have shown that breast fibroadenomas can be induced in rats by inoculation with adenovirus type 9 (43) (44) (45) (46) , raising the possibility of a viral etiology for human fibroadenomas. Using in situ hybridization with adenovirus type 9 -specific probes, viral mRNA was identified only in the stromal cells and not the epithelial component of the fibroadenomas, suggesting virus-transformed stromal cells as the origin of these lesions in this particular animal model system (45) . Although this rat model of viral-mediated fibroadenoma development may not be applicable to humans, one might expect that should a subset of human breast fibroadenomas be associated with EBV, the virus would be similarly localized to constituent stromal cells. No morphologic evidence of EBV was identified in the fibroadenomas that were analyzed by immunohistochemistry and in situ hybridization in the current study, and interestingly, although Kleer et al. (24) reported localization of the virus to epithelial cells in their EBV-associated fibroadenomas, the stromal component of the tumors was negative.
In summary, the results of the present study demonstrate no strong evidence for an association between EBV and fibroadenomas of the breast occurring in immunosuppressed organ transplant recipients. The lack of localization of EBV by morphological analyses in these cases argues against an etiologic role for the virus in the development of fibroadenomas in this particular patient population.
